Roundabout intersection planning in urban areas has spread remarkably, especially in Europe. Compared with the conventional intersection layout, this system is suitable for improving road safety and the urban landscape. In the literature there are many studies regarding car-following models; the innovative characteristic of this research is the analysis of user behaviour at a roundabout. In fact, the main aim is to develop a car-following model allowing the definition of flow conditions under high vehicular densities at this type of intersection. The car-following model consists of a stimulus-response function; its calibration and validation has been made by the analysis of many parameters influencing traffic flow. These parameters have been observed with a video data acquirement technique in order to minimize the distance between the observed variables and the estimated one. Preliminary results show a strong correlation between the observed behavioural parameters and the output of the model, forecasting vehicular trajectories at a roundabout. The estimation of traffic parameters in car-following condition is useful to define the geometry of the intersection (length of weaving area, number of lanes, diameter, number of entries) and to forecast conditions that could lead to behavioural anomalies connected with a reduced safety level for users.
Introduction
The solution to these problems should not be sought in the realisation of new infrastructures, but rather in the shrewd management of mobility and in accurate transport planning. The study of user behaviour on the road system is one possible means of support to the planning and management of the system. It is into this context that the research presented in this paper is presented. In this work, the authors, who previously drew attention to the behavioural model of lane change on roundabouts [1] , focus on the observation of the phenomenon of car-following on urban roundabouts. The originality of the work lies in the fact that, contrary to the models available in the literature, an analysis is made of user behaviour in car-following conditions on curvilinear trajectories (on the roundabout) and with a very different profile from those encountered in rectilinear circumstances.
Literature review
The origin of the studies carried out on user behaviour in conditions of car-following dates from midway through the last century. At that time, Chandler et al. [2] formulated a first car-following model, based on the theory that user acceleration, in the shape of a stimulus-response type, was proportional to the difference in speed among themselves and the preceding vehicles in the same lane.
where, τ n is the perception time of the driver n; a n (t) the (response) acceleration applied by the driver n at time t; ∆V n front (t-τ n ) the (stimulus) speed difference between user n and the preceding vehicles in the same lane at time t-τ n ; and α is a (sensitivity) constant.
On the basis of this first formulation, Gazis et al. [3] suggested a model that took into account the space headway between two successive vehicles in terms of sensitivity, whose analytical definition is represented by the following:
where, ∆X n (t-τ n ) is the space headway between user n and the preceding vehicles in the same lane at time t-τ n .
Many calibrations of the model were carried out from 1959 onwards [4, 5] using various approaches and on different scales (microscopic and macroscopic).
The more general formulation of the model, proposed by Gazis et al. [6] , known as the General Motors Nonlinear Model, considers the term of sensitivity directly proportional to the speed (V n (t)), elevated to a coefficient (β), and inversely proportional to the space headway (∆X n (t-τ n )), elevated to a coefficient (γ); the stimulus is represented by the difference of speed (∆V n ( )
where, V n (t) speed of the driver n at time t-τ n .
Therefore, the formulations defined by Chandler et al. [2] and by Gazis et al. [3] can be considered special cases derived by the above-mentioned model.
The development of technologies available to record vehicle flow parameters enables the definition of more general models and the estimation of the best combination of constants β and γ, [7] [8] [9] .
In the last twenty years, new calibrations of the model have been carried out considering different analysis phases, that is, in deceleration, acceleration and steady state conditions [10] .
In 1996, Subramanian [11] proposed an analogous formulation to that of the GMN model, in which a random term appears associated with the user n at time t distributed normal and in which perception and reaction time τ is considered as a random variable distributed truncated lognormal:
In 1999, Ahmed [12] formulated a new expression of the GMN model, considering the effect of vehicle density (K n (t-ετ n )) in the functioning of sensitivity and suggesting a non-linear relation between acceleration and the stimulus function (∆V n front (t-ετ n )):
in which ε (∈(0;1)) is an  adaptation parameter of the perception of the congestion level by user n.
The variability of the estimate of the model coefficient values, found from an analysis of the calibrations and from the validations of the GMN model proposed by various researchers, suggests some considerations. The vehicle flow conditions, differing in the various experimental contexts, considerably influence the model parameters. Consider the weight, moreover, the level of analytical approach (macro-simulation and micro-simulation) has on the calibration of the model, the phases of motion analysis (acceleration, deceleration and steady state) and the different assumptions made on the distribution of the τ values.
Besides the previously-described models, based on the stimulus-response function, car-following models based on the concept of braking distance have been developed, [13] [14] [15] , as well as models based on linear relations, [10, [16] [17] [18] [19] , psychophysical models, [20] [21] [22] [23] , models based on fuzzy logic, [24] [25] [26] [27] , and other models based on innovative techniques, [28] [29] [30] .
Calibration of the General Motors Nonlinear Model on the roundabout situated near the Cosenza North motorway turnoff
From an analysis of the car-following models in the literature, the need arose to calibrate the most general model (GMN model), revised by Subramanian [11] , for circulation conditions substantially different from those found in the previous experiments. Therefore, vehicle flow was analysed at a node of the road network of a medium-sized town in southern Italy (Cosenza) and, specifically, at an intersection with a roundabout (figure 1). 
Data gathering
The area under examination is close to the Cosenza North motorway turnoff, which is an important node in the local road network owing to the presence, in the neighbourhood, of the most important regional university complex. Considerable vehicle flows use this node and a study was required with the aim of improving the outflow conditions. The geometry and parameters characterising the vehicle flow on the roundabout were recorded. The database was constructed by means of a video data acquirement process.
First, the a O/D matrix was analysed at rush hour, individuating the busiest entries of the roundabout and recording the circulatory flow on the roundabout itself.
It emerged from the data analysis that car-following conditions occur, in accordance with Aycin and Benekohal's theory [31] , for distances of less than 75 metres: in fact, for distances greater than that critical value, user behaviour does not prove to be in any way influenced by preceding vehicles in the same lane.
With the aim of determining parameters useful for the definition of the car-following model, the area monitored was discretized into further trunks. This discretization was carried out with the purpose of finding the instantaneous characteristics of the motion of each vehicle.
The quantities found are the following: V n (t) the speed of the user n (subject) at instant t; V n (t-τ n ) the speed of the user n (subject) at instant t-τ n ; V n-1 (t-τ n ) the speed of the user's predecessor at instant t-τ n .
It should be pointed out that the determination of the perception and reaction time (τ) of the user derives from the experimental relation contained in the Ministerial Decree 05/11/2001 (Functional and geometrical norms for road building), in which:
The determination of the acceleration applied by the user n (subject) at instant t was carried out with the following equation:
Data elaboration
From analysis of the sample, it emerges that a predominant percentage of the manoeuvres were carried out in deceleration conditions; for this reason, the authors calibrated a general deceleration model in car-following conditions.
Prior to calibration of the model, a statistical analysis was carried out to determine the correlation among the observed quantities.
The deceleration applied by the n-th user at instant t proved to vary linearly both with velocity V n and with ∆V n , whereas the relation between the same quantity a n and the spatial distancing ∆X n proved to be of an exponential type (figures 2, 3 and 4). Correlation between a n -V n . Correlation between a n -∆V n. Correlation between a n -∆X n .
Calibration of the model
The estimate of the parameters of the model (α, β, γ) was carried out using the nonlinear least square method (Nonlinear Least Square Analysis). In this case, the function to be minimised is not quadratic in relation to the unknown parameters, consequently the solutions were sought by means of the LevenbergMarquardt algorithm. The results of the estimate are shown below (table 1). Model calibration results.
The general expression of the model, therefore, assumes the following shape: 
001
. 0 (8) The calibration of the model displays comforting results. The estimated parameters are all correct in sign and, therefore, highlight that the proportionality of the variables is as expected. Moreover, the order of the estimates corresponds to that obtained over the years by previous studies (table 2). The only differences can be ascribed to the different calibration and testing context of the model. In fact, almost all the models of this type in the literature emerge out of data gathering from fast stretches of road, having profoundly different flow characteristics from roundabouts. Regarding the remaining random variables (ε n (t)), it was observed that they were normally with a mean equal to -0.047 and standard deviation equal to 0.237. 
Conclusions
The calibrated behavioural model provides important indications about the flow modality in car-following conditions in correspondence to roundabout intersections. Specifically, this model permits estimation of the user reaction to stimuli on their route at the intersection. This reaction is proportional to the sensitivity of the user. In this way, the effects of bad roundabout planning on users can be foreseen, despite the extreme variability that characterises the phenomenon. This result allows the optimisation of work on the geometry of a roundabout in order to increase user safety. The next step will be to study the application of the behavioural model in different contexts in order to make the study applicable in general. Only in this way can the variables be identified for any driver behaviour in any context.
